Babesiosis is caused by tick-borne, protozoan hemoparasites of the genus Babesia. Various species of this genus are capable of inducing disease in a wide range of vertebrates (9, 13) . Babesia bigemina and Babesia bovis are responsible for bovine babesiosis in tropical regions of the world (13) . On a global basis, over 500 million cattle are estimated to be at risk of babesiosis (13) .
Detection of this parasite by microscopy lacks sensitivity, since a relatively large number of parasites (>0.01% parasitemia) must be present to be reliably detected (11) . After acute or primary infections, recovered animals may sustain a subclinical infection which is microscopically undetectable. These animals, known as carrier animals, serve as reservoirs for disease transmission. Currently, a carrier animal is identified by subinoculation of 500 to 1,000 ml of its blood into a splenectomized calf (24) . The test calf is examined regularly for clinical symptoms of infection, and blood smears are examined for parasites by light microscopy (11) . These methods are tedious, time-consuming, and too costly for routine diagnostic use. Recently, DNA probes for B. bigemina, B. bovis, and Babesia caballi have been developed from repetitive genomic DNA sequences (1, 14, 15 says, in which rRNA based probes can be about 100 times more sensitive than probes based on repetitive DNA (21) . rRNA is a conserved and essential constituent of all cellular organisms, but comparative analysis of rRNA sequences reveals some stretches of highly variable, species-specific sequence (3). Species-specific rRNA probes have been developed successfully for several Plasmodium spp. (10, 20) and for procaryotes (5, 7, 8, 17, 22, 23) .
Recently, we have reported the complete nucleotide sequence of the three small-subunit rRNA units (SSrRNA) of B. bigemina (16) . In the present study, the utilization of synthetic oligonucleotides selected from unique regions of the SSrRNA for its sensitive detection in bovine blood was investigated.
MATERIALS AND METHODS
In vitro cultivation of B. bigemina. A clone of the Mexico isolate prepared by limiting dilution, JG29, was continuously cultivated in vitro in fresh bovine erythrocytes by using a modified microaerophilic stationary-phase culturing system (18) . Infected bovine erythrocytes were concentrated by Percoll gradient (19) when the parasitemia reached 3 to 5%.
Extraction of total RNA and slot blot preparation. RNA was isolated by the single-step method of acid guanidinium thiocyanate-phenol-chloroform extraction as described elsewhere (2). RNA concentrations were determined spectrophotometrically (12) . Slot blots of DNA denatured with NaOH and RNA denatured with formaldehyde were prepared by using a manifold apparatus (Gibco-BRL, Gaithersburg, Md.) and nylon membrane as described elsewhere (12 The sensitivity and specificity of these probes were tested by hybridizing them to slot blots of various amounts of B. bigemina total RNA and to bovine and B. bovis total RNA controls. B. bovis was selected as a negative control, since it is the hemoparasite species most closely related to B. bigemina and most likely to confound clinical samples. Blots were hybridized at 63°C with all seven oligonucleotides as described in Materials and Methods (data not shown). These probes specifically identified as little as 20 pg of the B. bigemina total RNA and did not cross-react with 100 ng of either bovine or B. bovis RNA (i.e., 5,000-times-higher concentration). Since they also showed no significant homology with the rRNA sequences of the other major hemoparasites of cattle or other related protozoans, they may be considered specific for B. bigemina.
The hybridization of oligonucleotides to rRNA appears to be affected either by secondary structure or by posttranscriptional modification of the rRNA; thus, some sequences may not be suitable as probes (10) . To The specificity and sensitivity of the mixture of these three probes were verified at 60°C (Fig. 1) Diff-Quick stain (Fisher Scientific). More than 1,000 erythrocytes per slide were examined to accurately determine the parasitemia of cultures used in these experiments. The hematocrit of each culture was determined by using a hemocytometer, and the number of parasitized erythrocytes per ml of culture was calculated. The required volume of culture was mixed with normal bovine blood to yield parasitemias ranging from 2 x 10-2 to 5 x 10-6%, and RNA was isolated from all samples. Slot blots were prepared with these RNA samples and hybridized with the mixture of 32P-labeled oligonucleotide probes prepared from 3-1R, 8-1R, and JD115 (Fig. 2) . These probes detected as few as 100 infected erythrocytes mixed in 20 pl of bovine blood (1010 erythrocytes per ml). The parasitemia under these conditions is equivalent to 5 x 10-%. where each field contained about 800 to 1,000 erythrocytes (-0.002% parasitemia). No parasites were detected in thick smears from calf 2069 examined in similar fashion. Blood samples (-1 ml) collected every other day up to day 16 were centrifuged to remove plasma, and the erythrocytes were resuspended in phosphate-buffered saline and stored at -70°C for 16 months. Total RNA was isolated from these samples, and slot blots were prepared in duplicate by using an aliquot of each sample equivalent to 200 ,ul of blood. Three amounts (20, 2, and 
